Eye movements were monitored during a recognition memory test of previously studied pictures of full-color scenes. The test scenes were identical to the originals, had an object deleted from them, or included a new object substituted for an original object. In contrast to a prior report (Parker, 1978) , we found no evidence that object deletions or substitutions could be recognized based on information acquired from the visual periphery. Deletions were difficult to recognize peripherally, and the eyes were not attracted to them. Overall, the amplitude of the average saccade to the critical object during the memory test was less than 4.5 degrees of visual angle in all conditions, and averaged 4.1 degrees across conditions. We conclude that information about object presence and identity in a scene is limited to a relatively small region around the current fixation point.
Visual acuity and color sensitivity are highest at the fixation point and fall off rapidly and continuously with visual eccentricity. Cognitive analysis and memory encoding are also most complete for the region of the scene at fixation and drop off monotonically from that point (Nelson & Loftus, 1980; Henderson & Hollingworth, 1999a) . Because the human visual system is structured with a high resolution central fovea and a lower resolution visual surround, human scene perception is active and dynamic: Three to four times each second the viewer selects, via a saccadic eye movement, a specific region of the scene for priority to perceptual and cognitive processing (Buswell, 1935; Yarbus, 1967 ; for review see Henderson & Hollingworth, 1998; Rayner, 1998 ). An important question in active scene perception is the degree to which peripheral visual information is acquired and used to control the placement of the next fixation. Parker (1978) reported a study of eye movements during scene viewing which involved analyzing the fixation patterns of viewers who were trying to find differences between previously learned and currently viewed scene images. The rationale for this method was that the distance at which various kinds of differences can be recognized is an indication of how far from fixation the information needed to note such differences is acquired and processed.
In Parker's study, participants were shown scenes that contained six objects. Each scene was presented in one form during an initial viewer-timed learning phase, and then was shown twelve more times in a test phase (six "same" and six "different" trials). This sequence was repeated until the viewer had taken part in a session of 65 presentations of a given scene (5 learning and 60 test presentations). Viewers participated in seven such sessions, one for each scene. In the test presentations, the scenes were changed through manipulations to the objects, which were (1) deleted, (2) increased or decreased in size by 67%, (3) replaced with an object from a different conceptual category (type substitutions), or (4) replaced with an object from the same conceptual category (token substitutions). Parker (1978) reported several important results. First, viewers typically fixated each of the six objects per scene, and the order in which they fixated the objects was quite consistent. Importantly, though, viewers were able to detect object deletions accurately and quickly, and on 85% of those trials, the deletions were noticed without the viewer fixating the region of the scene that had contained the deleted object. Given that the objects were about 10° from each other in the displays, deletions were apparently detected in the periphery without fixation. Viewers also tended to "jump ahead" to a changed object in a scene; changed objects were fixated on average about 6.5% sooner than unchanged objects (1 fixation sooner out of an average of about 15.5 fixations). Because no background elements upon which viewers might fixate were present, these results suggested that viewers could detect changes and move to them sooner (or in the case of deletions, respond directly to them), given information acquired from 10° away. Parker (1978) concluded that "The results indicated that during recognition, information is encoded from a wide area and utilized both to direct additional eye fixations and to reach response decisions." (p. 284). Parker (1978) adapted an interactive perceptual cycle model (Neisser, 1976) as a theoretical context for this work. In expanding this model to difference-detection during scene recognition, Parker (1978) proposed that active picture recognition comprises four processes. First, information is acquired from a wide area of the test scene; second, the acquired information is compared to expectations generated from information stored in memory; third, a decision process assesses whether the evidence for a mismatch (or match) between acquired information and expectations is sufficient for a response; fourth, if the mismatch is not definitive enough to generate a response, then a guidance process sends the eyes to a potential mismatch site.
The results from Parker (1978) are important because they provide strong evidence that information about the presence and categories of the specific objects in a scene is acquired and processed from quite a large region of the scene (with a radius of 10° centered at fixation). However, these results seem to be at odds with other evidence suggesting that the object properties are typically processed from a relatively small area of the scene around the current fixation point. For example, Nelson and Loftus (1980) recorded viewers' eye movements while they examined a set of scenes in preparation for a difficult memory test. Performance in the memory test was found to be a function of the nearest fixation to the tested object during learning, with good performance if the tested object had been fixated during learning, and a rapid drop off to near-chance levels if the nearest fixation was beyond about 2° from the object subsequently tested.
Similar findings have been obtained in the "flicker paradigm" in which participants are asked to detect and report scene changes across brief blank periods that alternate with two versions of the scene (Simons & Levin, 1997) . The fact that viewers typically take a considerable amount of time to find changes in this paradigm suggests that there is severe restriction in the amount of information that can be acquired and processed during each fixation. Hollingworth, Schrock, and Henderson (2001) monitored eye position in the flicker paradigm and found that participants typically did not detect a scene change until after the changing object had appeared in foveal or near-foveal vision. Change detection in studies in which the change is effected on-line in response to a saccadic eye movement have similarly found that object changes are far more likely to be noticed if the changing object is fixated before and after the change (e.g., Henderson & Hollingworth, in press a; Hollingworth & Henderson, 2002; see Henderson & Hollingworth, in press b for review).
The results of two additional studies suggest that semantic information about the objects appearing in a scene is acquired from a relatively small region around the current fixation point (De Graef et al., 1990; Henderson et al., 1999) . In both of these studies, participants examined scenes in which either semantically consistent or semantically anomalous objects had been embedded. If semantic information can be acquired and processed from the visual periphery, then the eyes should be attracted to anomalous objects from relatively distant fixation sites (Loftus & Mackworth, 1978) . Contrary to this prediction, saccades were not attracted to anomaly in the periphery, nor were saccades to either type of object especially long. For example, Henderson et al. (1999) found that the average saccade length to an object was about 3.5° regardless of its semantic status.
In summary, while the Parker (1978) results are provocative, they appear anomalous in the context of other scene perception studies. Several design features of the Parker (1978) experiment are likely to have led to an overestimate of the degree to which object properties are peripherally processed in natural scene perception. First, the scenes used in Parker (1978) were schematic in format, consisting of an array of six discrete linedrawing objects against a blank background. The objects were large (judging from other measurements reported in the paper, they subtended about 7° on average) and were relatively distant from each other (10° center to center). Prior studies have shown that much smaller line drawings of objects presented in an uncluttered field can be identified 10° from fixation (Pollatsek, Rayner, & Collins, 1984) . The sparseness of the scenes and the large distances between objects may also have led to saccade lengths that are inflated compared to those typically observed in more natural scene images (Henderson & Hollingworth, 1999b) . In more complex images, pattern perception is limited by lateral masking as well as by visual eccentricity (Bouma, 1978) . Second, the Parker (1978) experiment included only 7 base scenes, and variants of each of these scenes were presented 65 times to each viewer. Given the simplicity of the scenes and the large number of repetitions, viewers may have been able to learn specific visual cues that would be sufficient to detect object differences in the periphery. Finally, the results were based on data from only three participants.
Experiment
In the present study, we followed Parker (1978) and used the recognition of changes to objects in memorized pictures as a diagnostic tool to investigate the role of eye movements in object processing during scene viewing. In contrast to Parker (1978) , the pictures were full-color images of complex scenes, and each image was tested only once. In an initial Study Phase, participants were shown 33 full-color, meaningful, naturalistic scenes for a total viewing time of 20 sec each.
We have previously demonstrated that very good memory representations of objects in scenes can be generated based on less than 20 seconds of scene viewing time (Castelhano & Henderson, 2001; Hollingworth & Henderson, 2002) . Furthermore, we have shown that less than 20 seconds of viewing during learning leads to good memory performance for the specific critical objects and scenes used in this experiment, particularly when the critical object is fixated during learning (Hollingworth & Henderson, 2002) . In the present study, to increase the memory representation of the scenes further, we distributed 20 s of study time over two consecutive blocks of learning trials, taking advantage of spaced practice to enhance the initial memory trace of the scene.
In the subsequent Test Phase, each scene was shown a third time, and participants were asked to determine if the current scene was different from the studied version. The scenes in the Test Phase were either identical to the learned scenes, had one object removed from them via a deletion, or had substituted an object from a different basic-level conceptual category for one of the objects in the learned scene. In the substitution condition, the original object was not semantically central in defining the meaning of its scene, and both the original and replacement objects fit in their scene equally well 1 . The deletion and substitution conditions replicated the equivalent conditions used in Parker (1978) , but with full-color complex scenes. Participants were asked to press a "yes" button as quickly as possible if and when they determined that the test scene was different from the original studied version, and to press a "no" button if they believed that the test scene was the same as the studied version. Our primary dependent measures were the accuracy of recognizing that the test scene was different from the studied version, the time to make this determination, the amplitude of the saccade to the manipulated object when the manipulation was recognized following fixation, and the tendency to "jump ahead" to the manipulated object when the manipulation was noticed. If the model and data presented by Parker (1978) generalize to complex scenes, then deletions should be noticed accurately and quickly in the visual periphery without fixation. Furthermore, substitutions (and to the extent they are fixated, deleted objects) should be noticed relatively distantly in the periphery, and the eyes should tend to jump ahead to substitutions with relatively long initial saccades. On the other hand, data from other scene perception studies lead to the expectation that object processing will be more restricted for peripheral objects in complex scenes (e.g., Henderson et al., 1999; Nelson & Loftus, 1980; see Henderson & Hollingworth, 1998 , 1999b , for review).
Method
Participants. Twenty-four participants were recruited from undergraduate psychology classes or through an advertisement in the university newspaper at Michigan State University. Five participants were removed from the study for high false alarm rates in the memory test, and one was removed for mixing up the response buttons in the memory test. The data reported below were therefore based on the remaining 18 participants. Participants either received course credit or $7 remuneration for participating in the experiment.
Materials and Design.
The materials for this experiment consisted of 33 realistic three-dimensional (3D) rendered color scenes (Henderson & Hollingworth, 1999a; Hollingworth & Henderson, 2002; Hollingworth, Schrock, & Henderson, 2001 ). An example scene is shown in Figure 1 . Scenes subtended 15.69° horizontally by 11.76° vertically at a viewing distance of 1.13 meters. A critical object was chosen in each scene and manipulations to this object created the 3 experimental conditions. During the Test Phase of the experiment the critical object was removed from the scene (deletion condition), replaced by another object of a different basiclevel conceptual type (substitution condition), or remained unchanged (identical condition).
<< Insert Figure 1 About Here >>
Apparatus.
The stimuli were displayed at a resolution of 800 x 600 pixels x 32,768 colors on an NEC Multisync XE 17-inch monitor driven by a Hercules Dynamite Pro super video graphics adapter (SVGA) card operating at a refresh rate of 143.6 Hz.
Eye movements were monitored using a Generation 5.5 Fourward Technologies Dual Purkinje Image Eye Tracker (Crane, 1994; Crane & Steele, 1985) , which has a resolution of 1 min of arc and a linear output over the visual display range used here. A bite-bar and forehead rest maintained the subject's viewing position and distance. Viewing was binocular, though only the position of the right eye was tracked. Signals were sampled from the eye tracker using the polling mode of the Date Translations DT2803 analog-to-digital converter, producing a sampling rate slightly greater than 1000 Hz.
Procedure. Participants began the experiment by reading the instructions for the study. A bite bar composed of dental compound was then fashioned to minimize head movements during the experiment. The experimenter orally described the eye tracking equipment and restated the instructions. After any remaining questions were answered, the eyetracker was calibrated. Calibration consisted of having the participant fixate four markers at the top, bottom, left, and right sides of the display area. Calibration was checked by displaying six test positions and a fixation marker that indicated the computer's estimate of the current fixation position; calibration was considered successful when the fixation marker was within .10° of the test positions as they were fixated. Once calibration was completed, the experimental trials began.
The experiment consisted of 2 blocks of study trials (Study Phase) followed by a block of memory test trials (Test Phase). Prior to the Study Phase, participants were instructed that they would see a sequence of scenes that they were to memorize for a later difficult memory test. Each of the 33 scenes was then presented for 10 s in each of two blocks, for a total study time of 20 s. The calibration screen was presented between each scene, and calibration was checked throughout each block. A short break was given between the two Study Phase blocks and between the Study and Test Phases. During the Test Phase, participants were reminded that they would be shown each scene again, and that they were to decide if the current scene was identical to the original version or instead had been altered. The participants were informed that in the case of altered scenes, an object that had been present during the study session would either be deleted or replaced by a different kind of object. The participants indicated whether the scene was the same or different by pressing one of two response buttons on a button box. The scene was terminated when a button was pressed. The participants' eye movements were tracked throughout each trial. Following completion of the Test Phase, the participants were debriefed about the purpose of the experiment.
A given participant saw all 33 scenes, 11 in each condition (identical, deletion, substitution). Assignment of scene to condition was counterbalanced such that each scene appeared equally often in each condition across participants. The order of scene presentation in each of the blocks of the Study Phase, and in the Test Phase, was determined randomly for each participant. The experiment lasted approximately 1 hour.
Results
Study Phase. Memory for the details of objects in scenes is highly affected by whether or not an object is fixated during initial viewing (Henderson & Hollingworth, 1999a; Hollingworth & Henderson, 2002; Nelson & Loftus, 1980) . Therefore, to ensure that a good memory representation had been formed for the critical objects, we included in the Test Phase analyses only trials in which the critical object was fixated at least once during the Study Phase. For all measures that involved fixating the critical object (both in the Study and Test Phases), a critical region for each scene was defined as the smallest rectangular region that could be constructed around the superposition of the critical object and its substitution object. Any fixation falling within that region was considered on the critical object.
During the Study Phase, the fixation criterion was met for 92.4% of the critical objects. Conversely, there were 45 cases (7.6% of all trials) in which a participant did not fixate the critical object during either block of the Study Phase. These scenes were eliminated from the Test Phase analyses for those participants. The number of trials lost in the Test Phase as a result of this criterion by condition is given in Table 2 .
For the remaining Study Phase trials, participants moved their eyes to the critical object from other areas of the scene (i.e., entered the critical region) about 1.68 times on average. Table 1 shows the average number of critical region entries as a function of condition. These values were marginally different from each other, F(2,34) = 2.787, MSe = .06693, p = .08. The average total fixation time (sum of the durations of all fixations) on the critical objects in the Study Phase, conditionalized on the object receiving a fixation, was 744 ms. Table 1 shows the average total fixation time values by condition. These values did not reliably differ (F<1).
<< Insert Table 1 About Here >> The marginally reliable difference in critical region entries across conditions could not have been due to any experiment-specific variables; as far as the participants were concerned, all Study Phase trials were the same. Nevertheless, the fact that the objects that would ultimately be deleted in the Test Phase were fixated numerically more often and for numerically more time in the Study Phase could influence the degree to which deletions would be noticed in the periphery compared with substitution or identical objects, and so could affect our estimate of peripheral processing of object presence. This possibility turns out to be unproblematic because it biases the results toward better memory performance for the deletions, an effect that (as discussed below) was not observed in the Test Phase data.
Test Phase. Important evidence concerning peripheral object processing in the Parker (1978) study derived from the condition in which an object was deleted from the scene in the Test Phase. Specifically, participants quickly and accurately noticed object deletions in the visual periphery without moving their eyes to the empty scene region. In the present study, we sought to replicate and extend this result in complex scenes. We examined the degree to which deletions were noticed, the time to correctly notice a deletion, and in cases in which the deletion was noticed without fixating the critical region, the likelihood of fixating close to the region. Table 2 shows the accuracy of recognizing the object manipulations as a function of condition. First, in contrast to Parker (1978) , we observed that deletions were more difficult to notice than substitutions. As can be seen in Table 2 , participants recognized the deletions on only about 50% of the trials, whereas the recognition rate in the substitution condition was 66%. The false alarm rate in the identical condition was 18%. A one-way ANOVA showed that these three rates differed reliably, F(2,34) = 51.51, MSe = .0205, p < .001 The recognition rate for deletions was reliably higher than the false alarm rate, F(1,17) = 46.93, MSe = .04, p < .001, and the recognition rate for the substitutions was reliably higher than that for deletions F(1,17) = 9.249, MSe = .0446, p < .01. A signal detection analysis using non-parametric A', shown in Table 2 , indicated reliable sensitivity to substitutions (A' = .818; t(17) = 15.417, p < .001), as well as deletions (A' = .742; t(17) = 8.038, p < .001). The signal detection analysis also showed that sensitivity for substitutions was reliably higher than that for deletions, F(1,17) = 6.102, MSe = .008547, p < .05. Overall, then, contrary to the results reported by Parker (1978) , deletions were more difficult to notice than were substitutions. << Insert Table 2 About Here >> In addition to reporting that object deletions were recognized more accurately than other object manipulations, Parker (1978) also reported that viewers were able to respond to deletions relatively quickly, suggesting that deletions were easily noticed (i.e., tended to "pop out") in the visual periphery. To investigate this issue in the present study, we analyzed the response times to correct trials as a function of condition. As shown in Table 2 , mean response time for correct trials differed by condition, F(2,34) = 12.848, MSe = 5665.261, p < .001. Contrary to Parker (1978) , however, we again found no evidence that deletions were recognized more readily than substitutions. Mean response time for correct recognition of the deletions (6.4 s) was numerically slower than for substitutions (5.1 s) by 1.3 sec, though the difference was not reliable, F(1,17) = 2.876, MSe = 10779.870, p > .10. The longer response times in the identical control condition (9.0 s) indicates that the participants engaged in a relatively exhaustive search of the scenes for differences.
Finally, we examined eye movements for those trials in which the deletion was noticed without fixation. We found that on 93% of such trials the eyes fixated within 3° of the critical region, and on 97% of such trials the eyes fixated within 4° of the critical region. Thus, we have no evidence that deletions were detected in the visual periphery.
In summary, there was no evidence in either response accuracy or response latency to indicate that object deletions were easily recognized in the visual periphery. Instead, object deletions were noticed less accurately than object substitutions, and to the extent that they were noticed at all, they required more time to find than did substitutions. Taken as a whole, these data provide no support for the hypothesis that the absence of an expected object in a scene is easily recognized in the visual periphery.
A second finding taken by Parker (1978) to suggest that object processing during picture recognition extends into the visual periphery was that viewers tended to move their eyes about 1 fixation sooner to a changed than an unchanged object. Although saccade distances were not reported in Parker (1978) , given that the scenes consisted of objects that were about 10° apart, and given that there was nothing else in the scenes to look at other than the six objects, the data suggest that the information needed to detect object differences was acquired from a scene area with a diameter of up to 20° of visual angle.
In the current study, we sought to replicate and extend this finding to complex color scenes. We computed three measures of peripheral saccadic attraction in the Test Phase: the mean length of the saccade that brought the eyes to the critical region, the mean elapsed time for the eyes to reach the critical region the first time, and the mean number of fixations to reach the critical region the first time. The length of the saccade to the changed region provides an estimate of the scene region in which object processing is taking place. In addition, the tendency to "jump ahead" to a change in the periphery, as indexed by an earlier, longer saccade to the changed region, would suggest that a relatively large peripheral area of the scene had been processed in the prior fixation (Parker, 1978) . Because the use of recognition as a tool to investigate eye movements in object and scene processing requires accurate memory for the original scene, each of these measures was contingent on a correct response in the Test Phase.
The peripheral saccadic attraction measures can only be computed given that the critical region was fixated at test. We therefore first determined the proportion of trials on which the eyes entered the critical region during the Test Phase as a function of condition. These data are shown in Table 3 . There was a large and reliable difference in these proportions across the three conditions, F(2, 34) = 74.54, MSe = .02077, p < .001. Contrasts against the identical baseline revealed that there was no difference in the proportion of critical regions entered (critical objects fixated) in the substitution (.87) versus the identical control condition (.86), F < 1. However, the critical region in the deletion condition was fixated far less frequently (.35) than the identical control condition, F(1, 17) = 78.15, MSe = .05838, p < .001. In fact, in the Test Phase one participant never fixated the critical region that had contained the deleted object, but fixated the critical region on 73% of the substitution and on 91% of the identical condition trials. Comparing the cumulative number of participants who fixated the critical region at a given percentage-of-trials criterion also revealed the low fixation rate in the deletion condition. These data, conditionalized on fixating the region in the Study Phase and correct response in the Test Phase, are shown by condition in Figure 2 . In the identical control condition, 10 out of 18 participants fixated the critical region on 100% of the possible trials; in the substitution condition, 9 out 18 participants did. In contrast, in the deletion condition 1 out of 18 participants fixated the critical region on 100% of the possible trials. << Insert Table 3 and Figure 2 About Here >> At first glance, the low fixation rate in the deletion condition appears to be consistent with the results of Parker (1978) , in which it was found that participants were able to recognize deletions without fixating the deleted region. However, recall that unlike Parker (1978) , we observed that deletions were in fact noticed less often than object substitutions. In fact, the fixation rate for the deletions (35%) plus the guessing rate (18% false alarms) accounts well for the 50% deletion detection rate. Thus, the lower rate of fixation of the deleted object region was not the result of greater peripheral detection without fixation. Instead, these data suggest that regions from which objects had been deleted neither attracted fixations nor were readily recognized as having changed. << Insert Table 3 About Here >> To investigate peripheral saccadic attraction, we first computed the mean amplitude of the initial saccade into the critical object region as a function of condition. This analysis was contingent on a correct response and on the critical object receiving a fixation.
2
The mean amplitude of the first saccade to the critical object across conditions was about 4.2°. As can be seen in Table 3 , there was some tendency for saccades to the critical region in the substitution condition to be greater in amplitude than in the identical and deletion conditions, but this difference did not approach statistical reliability, F<1. Furthermore, even in the substitution condition, the average amplitude was only 4.4 °, a value that is less than half of the object-toobject distances in the Parker (1978) study. The present saccade amplitude value is consistent with other reports in the literature (see Henderson & Hollingworth, 1998 , 1999b ).
There was no tendency for the amplitudes of saccades to be greater to a scene region from which an object had been deleted than to a scene region containing a replacement object. Figure 3 shows the frequency histogram of saccade amplitudes for all first saccades to the critical region in the Test Phase. This plot includes only correct trials and collapses the data across the three test conditions. It is clear that the modal saccade length to the critical region was about 4°, and that there were very few saccades equal to or greater than 8°. As a second measure of peripheral saccadic attraction, we computed the mean number of fixations between the onset of the scene and the first fixation within the critical region for those trials in which the changes were recognized. Recall that Parker (1978) reported that participants fixated the changed objects about 1 fixation sooner than the unchanged objects out of an average of 15.5 fixations. In the present study, if changed regions in the visual periphery were able to attract saccades, then the mean number of fixations should be less for the object manipulation conditions than for the identical control condition. Moreover, we would expect that if deletions are particularly able to attract saccades, then the mean number of fixations to the critical region from which an object had been deleted should be less than to a region containing an object substitution. Table 3 shows the mean number of fixations to the critical region for correct trials in the three conditions. Overall, there was a reliable effect of condition on number of fixations, F(2,34) = 3 The saccade amplitude frequency histogram depicted in Figure 2 represents inter-object saccades only, and therefore is not representative of the saccade amplitude frequency distribution typically observed for all saccades in pictures of scenes. When the complete distribution including intra-object saccades is examined, the modal saccade amplitude is typically found to be less than 1 degree of visual angle (Henderson & Hollingworth, 1998) . In the present study, the mean saccade length for all saccades was 2.93 deg in the Study Phase and 3.19 deg in the Test Phase. Mean fixation duration for all fixations was 276 ms in the Study Phase and 262 ms in the Test Phase.
6.744, MSe = 30.296, p < .005. Consistent with the hypothesis that a change attracts the eyes, the eyes first reached a substituted object about 1.5 fixations sooner than they first reached the critical object in the identical control condition, F(1,17) = 9.149, MSe = 4.323, p < .01. However, as reported above and shown in Table 3 , the amplitude of the saccade taking the eyes to the critical object was equivalent in the substitution and identical conditions, suggesting that the lower fixation number in the former case was based on object processing for a relatively restricted spatial region around the current fixation position. It appears that once the eyes landed within about 4° of an object, there was increased likelihood that the object would be fixated if it was a substitution. In contrast to the substitution results, the eyes took slightly over 4 fixations longer to reach the deleted region than to reach the critical object in the control condition, F(1,17) = 9.293, MSe = 31.535, p < .01. Therefore, we again found no evidence that the distance at which the deletion of an expected object is recognized is greater than the distance at which other types of object manipulations are recognized.
A third measure of peripheral saccadic attraction, related to number of fixations, is the elapsed time between the onset of the scene and the first fixation within the critical region. These data are presented in Table 3 . Overall, there was a reliable effect of condition on elapsed time, F(2,34) = 5.674, MSe = 4172.159, p < .01. Consistent with the hypothesis that a manipulation attracts the eyes, a replaced object was fixated .731 sec sooner than the object in the identical control condition, F(1,17) = 11.209, MSe = 858.039, p < .01. Again, however, it is important to keep in mind that the saccades leading to fixation on the critical object were no longer in the substitution condition than in the identical control condition. Furthermore, the eyes were 1.5 sec slower to reach the deleted region than they were to reach the critical object in the control condition, though this difference was only marginally reliable, F(1,17) = 3.436, MSe = 12059.452, p = .08. Together with the analysis of the number of fixations to the critical region, the elapsed time data provide no support for the hypothesis that the absence of an expected object is detected at a greater distance from fixation than are changes to other expected object properties.
General Discussion
In the present study, participants were shown complex color images depicting realworld scenes. Each scene was shown twice during a learning phase, and then again a third time in a test phase, either in the original version or with a manipulation to one object. In the latter case, an object from the original scene was deleted or replaced with an object from a different conceptual category. The experiment was an attempt to replicate and extend the finding, originally reported by Parker (1978) , that scene processing during memory recognition for properties such as object presence and conceptual type extends into the visual periphery.
Three primary results in the Parker (1978) study initially supported the conclusion that object properties in scene recognition are acquired and processed from a relatively large scene region. First, recognition of object deletions was very rapid once a scene with a deleted object appeared. Second, these rapid detections occurred without the need to fixate the region from which the object had been removed. Third, in the course of scene viewing during the recognition test, the participant's gaze tended to "jump ahead" to the region of the scene containing a changed object. These results led Parker (1978) to the conclusion that the processing of object properties extends over a wide area of a scene.
We found several results that contrast with those reported by Parker (1978) . First, object deletions were relatively difficult to notice, and furthermore, recognition time for correctly noticing deletions was numerically slower than it was for noticing that a different object had been substituted for the original object. The conclusion seems to be that deleted objects are easily missed rather than easily noticed. Second, although there was some tendency for changed regions to be fixated sooner than unchanged regions, the average distance of the saccade to the changed region was about 4°, considerably smaller than the average distances between objects in Parker (1978) . These results suggest that in complex pictures of natural scenes, object properties are acquired from a region with a radius of about 4° from fixation on average. This conclusion is also supported by analyses of the saccade distributions in the present study, which showed that the modal inter-object saccadic amplitude across conditions was 4°, with saccades of 10° extremely infrequent (see Figure 3) .
How do we account for the difference between the current results and those reported by Parker (1978) ? First, with respect to deletions, it seems likely that the use of simple arrays of objects as stimuli in Parker (1978) made it relatively easy for participants to notice the removal of an object from the image. Because each scene comprised an array of six objects shown against a blank field, the display could easily be encoded as a spatial configuration of occupied positions. Simons (1996) has demonstrated that changes to the spatial configuration of a small set of objects are much more detectable than changes to object identities, a finding that mirrors the Parker (1978) results. In contrast, the deletion of an object from the kind of complex natural scene used in the present study creates much less change to the overall configuration of the image. This occurs in part because the removal of one object changes only a small fraction of the overall configuration, and in part because portions of other objects that were previously occluded in the scene are revealed by the deletion, reducing the overall impact of the configural change. In fact, a common finding in the memory literature is that the deletion of visual information from a complex scene is much more difficult to notice than is the addition of visual information (Pezdek, Maki, Valencia-Laver, Whetstone, Stoeckert, and Dougherty, 1988; see also Hearst, 1991) . It seems, then, that participants in the deletion condition of Parker (1978) were detecting changes to the spatial configuration of items, and that detection of such changes can be accomplished over a relatively wide area of an image. In contrast, detecting the absence of an object from a complex scene is much more spatially restricted, with an average radius closer to 4° of visual angle from fixation, at least for the type of complex scene images used here.
The results of the present study are in line with other reports of object processing in the scene perception literature (e.g., De Graef et al., 1990; Henderson et al., 1999; Nelson & Loftus, 1980; see Henderson & Hollingworth, 1998 , 1999b . For example, as described in the Introduction, Henderson et al. (1999) observed that the amplitudes of saccades to objects that were semantically anomalous within their scenes were no greater than to semantically consistent objects, with an average amplitude of 3.5° in both conditions. These results suggested that the processing of object meaning is restricted to the foveal and parafoveal regions of the scene. In the present experiment, our estimate for noticing type substitutions was a bit larger, with average saccadic amplitudes to the critical region in the substitution condition of about 4.4°. However, we cannot be certain that the type substitutions in the present study were detected entirely on the basis of conceptual information; it could be that visual differences between the original and substitution objects were noticed and drove eye movements, a possibility that was not open in our earlier study. Alternatively, it may be that processing of object semantics in line drawings takes place over a slightly smaller scene region than it does for the same information in full color images. In either case, the present data clearly indicate that participants were not acquiring and comparing object information from a perceptual span of 10° from fixation as Parker's (1978) results suggested, but rather were acquiring object information from less than half that distance.
It is important to note that we are not suggesting that the area in which scene information is processed is equally limited for all types of information. For example, it is likely that gist (i.e., the overall meaning of the scene) and global layout are processed over a significantly larger scene area than the identitifies of specific objects (Oliva & Schyns, 1997; Sanocki & Epstein, 1997 ). An analogous situation exists in reading, where the total perceptual span region (including word length cued by the spaces between words) is considerably larger (about 3-4 characters to the left of fixation and 15 to the right) than it is for word identities (the "word span"), which is at best two words and probably closer to one (Rayner, 1998) . Similarly, in scene perception, it is likely that different types of information can be acquired at different distances from fixation. For example, recognition of the deletion of an object might be based on visual information (e.g., visual features present in that scene region are no longer present or have been replaced by other features that were previously occluded), semantic and conceptual information derived from the visual information (e.g., "the stapler is missing"), or information about spatial layout (e.g., a region of the scene that was occupied is now empty, or a configuration of items changed its shape). Type substitutions, in comparison, cannot be recognized on the basis of changes to scene layout, but could reflect recognition of changes to the relatively gross visual shape information needed to distinguish these objects, or could reflect recognition of changes to associated semantic and conceptual information.
The results of the present study seem at odds with one recent report of eye movements in changed and unchanged scenes (Ryan, Althoff, Whitlow, & Cohen, 2000) . In that study, participants learned complex scenes, and then viewed the same scenes again either in their original version or in a manipulated version. The manipulations included object addition, object deletion, and a left-right object shift. The main result of direct relevance to the present study was a change in viewing patterns for the manipulated regions, which the authors called a relational manipulation effect. For example, participants had a higher proportion of fixations in the manipulated region than in the equivalent control region, as well as a higher number of transitions into and out of the manipulated region. In addition, the relational manipulation effect appeared to be restricted to those cases in which a change was not explicitly noticed. In the present experiment, we followed Parker (1978) in emphasizing eye movement patterns associated with explicit recognition of the object manipulation. Although Ryan et al. (2000) found no relational manipulation effects when the viewers explicitly noticed the manipulations, we found clear eye movement effects despite explicit recognition. However, in the present study, our emphasis was on the initial look to the manipulated region, whereas the relational manipulation effect emphasizes the overall time spent attending the manipulated region. That is, we were interested in whether the eyes would be initially drawn to a changed region, and if so, when and from what distance that would occur. Ryan et al. (2000) , in contrast, reported measures like the total numbers of fixations in the changed region and the proportions of all of the transitions into and out of the region. These latter measures collapse over multiple entries into the critical region, making it impossible to disentangle initial entry from overall entries. It could be that a region that is less likely to be entered (e.g., a region containing a deletion) still receives a higher total number of fixations than a region that is more likely to be entered, because for the latter case, when such a region is entered it tends to be re-entered multiple times (e.g., Henderson, Weeks, & Hollingworth, 1999) . Unfortunately, a direct comparison to the Ryan et al. (2000) data for the overlapping condition (deletion) to the present study is not possible because Ryan et al. only reported their data collapsed across their three manipulation conditions. In summary, the present study demonstrates that the information needed to recognize object deletions and type substitutions is acquired from a relatively restricted area of a picture of a complex, fullcolor, real-world scene. These results suggest that the processing of object information in a scene is spatially relatively limited, consistent with other recent evidence. The results do not, however, undermine the possibility that other sorts of scene information such as gist can be acquired from a more expansive area of a viewed scene. 
